We describe here a simple, rapid chromatographic procedure for quantitatively separating serum creatine kinase isoenzymes (EC 2.7.3.2), with diethylaminoethyl (DEAE) -Sepharose CL-6B as the anion-exchanger. We established the column bed height and the elution parameters by use of a simplex procedure. DEAE-Sepharose CL-6B equilibrated in tris(hydroxymethyl)aminomethane (50 mmol/L, pH 7.5, and containing 30 mmol of NaCI per liter) is packed into a miniature polystyrene column with bed dimensions of 0.7 X 1.5 cm. The DEAE-Sepharose column system was evaluated and compared with a DEAESephadex A-50 column system. The results indicate that the Sepharose column yields MM, MB, and BB isoenzymes uniquely, without cross contamination.
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We describe here a simple, rapid chromatographic procedure for quantitatively separating serum creatine kinase isoenzymes (EC 2.7.3.2), with diethylaminoethyl (DEAE) -Sepharose CL-6B as the anion-exchanger. We established the column bed height and the elution parameters by use of a simplex procedure. DEAE-Sepharose CL-6B equilibrated in tris(hydroxymethyl)aminomethane (50 mmol/L, pH 7.5, and containing 30 mmol of NaCI per liter) is packed into a miniature polystyrene column with bed dimensions of 0.7 X 1.5 cm. The DEAE-Sepharose column system was evaluated and compared with a DEAESephadex A-50 column system. The results indicate that the Sepharose column yields MM, MB, and BB isoenzymes uniquely, without cross contamination.
Coefficients of variation (Cv's) for 10 replicate column assays were 2.8, 5.9, and 15.2% for 569 U of MM per liter, 82.3 U of MB per liter, and 9.0 U of BB per liter, respectively. The serum sample was enriched with baboon heart extract. Day-today reproducibility for a serum control assayed on 10 days yielded Cv's of 4.6, 9.9, and 40.3% for 391, 45.3 and 1.9 U of isoenzymes MM, MB, and BB per liter, respectively. A reference interval for each isoenzyme was derived from data on 81 men and 63 women.
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Determination of CK-MB isoenzyme in serum is quite specific and sensitive in the diagnosis of acute myocardial infarction (1) (2) (3) (4) . Several column-chromatographic procedures have been described for separation of the CK isoenzymes for routine clinical use (5) (6) (7) (8) (9) (10) . Morin (11) evaluated several ionexchange procedures and showed that factors such as ionexchanger capacity, column dimension, pH, salt concentration, and flow rate could affect resolution and reliability. Recently, Desjardins et al. (12) reported that the binding-site saturation of DEAE-cellulos& at different pH values will affect the elution pattern of the MB isoenzyme.
We describe here a new column procedure with DEAESepharose CL-fiB as the anion-exchanger for CK isoenzyme separation.
Once separated, all three isoenzymes can quickly be quantitated.
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Materials and Methods

Tissue and Serum Preparation
Human brain and baboon heart were kept frozen (-20 #{176}C) until used. cording to the manufacturer's directions. One milliliter of serum sample was applied to each column, and MM, MB, and BB were eluted with two 4.0-mL applications of Roche buffers A, B, and C, respectively.
Assay of CK Activity
CK activity in serum and in the column fractions was assayed by the method of Oliver (13) For the assay of total CK activity, the reagent was reconstituted according to the manufacturer's directions: 3 mL of reconstituted reagent was mixed with 0.1 mL of the serum sample and assayed at 30#{176}C.
For the assay of the CK isoenzymes, the reagent was reconstituted to one-half the volume recommended for total CK activity, i.e., 8 mL for the 16-mL vial. Then 1.5 mL of the concentrated reagent was mixed with 1.5 mL of the column fraction and assayed at 30 #{176}C. Activity was calculated from the rate of production of NADH, as measured by the absorbance change at 340 nm.
Electrophoresis
Corning/ACI agarose electrophoresis system (Corning Medical Diagnostics, Corning Glass Works, Medfield, MA 02052) was used to identify the CK isoenzymes and to study the purity of the column fractions. 
Results
To optimize the isoenzyme elution from the Sepharose column, we applied a simplex strategy (15, 16) Table  2 shows the results of the first four vertices. Vertex 2 was eliminated because of the high BR4oMB carryover. This elimination generated vertex (see Table 1 ). Vertex 3 was eliminated for the same reason, generating vertex 6 (see Table   1 ).
A new set of serum pools was made because the first set was depleted. Vertices 1 and 4 through 18 were run with the new poo1s (Table 3) Samples 3 and 4 were also run with the Roche column procedure: Figure 5 shows carryover of MB into the MM and BB fractions as well as BB into the MB fraction by electrophoresis. Table 5 shows a comparison of CK isoenzyme separations with Sepharose, Sephadex, and the Roche columns. We studied human sera with normal and above-normal CK concentrations, and serum samples enriched with different quantities of baboon heart extract and human brain extract.
In general the Roche method shows low MM and MB values Table 4 Positions I and 8 are whole-serum samples; MM, MB, and BB fractions from the Sepharosecolumn are in positions 2, 3, and 4,respectively. MM, MB, and BB fractions from the Sephadex columns are in positions 5, 6, and 7, respectively by activity, but by percentage the distributions agree with those by the Sepharose method. The apparent proportion of BB activity is greater with the Sephadex column for sera with above-normal CK activity, indicating carryover of MB into the BB fraction. The Sephadex column, however, is able to detect above-normal MB, showing that the method is nonetheless diagnostically valid. To investigate the linear range of the Sepharose column, we used different sample sizes and plotted sample size vs activity in the fractions (Figure 6 ). The results indicate that the column performs as expected for 0.1-to 0.5-mL samples containing 1200 UIL. Electrophoresis of the concentrated column fractions, however, indicates slight MB contamination in the MM fraction with the 0.5-mL sample.
Within-day precision of the column separation was determined on three samples (normal, above-normal, and an enriched human serum pool), each assayed on 10 columns. Day-to-day precision was determined over a period of 10 days b Human serum enriched with baboon heart and human brain extracts.
Activity, UIL
resin was observed during the eluting process as the salt concentration was increased. Consequently, the three isoenzyme fractions were better resolved, even with a very short column. DEAE-Sepharose CL-6B is a macroporous, beadformed ion exchanger derived from cross-linked agarose gel and supplied in a suspension. The gel can be easily resuspended and equilibrated in any suitable buffer.
Under the conditions described above, MM is not bound to the Sepharose gel but is eluted in the equilibration buffer. Sepharose Column by separating and assaying the isoenzymes in a serum control. The results are shown in Table 6 .
We estimated the reference interval (Table 7) for each of the isoenzymes from data on 81 men and 63 women from the general population who were asymptomatic and normal as evidenced by results of multiphasic screening. The expected MB reference intervals are 0-2.7 and 0-3.4 UIL for men and women, respectively. 
Discussion
